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Abstract 14 
Unsafe acts of workers (e.g. misjudgment, inappropriate operation) become 15 
the major root causes of construction accidents when they are combined with unsafe 16 
working conditions (e.g. working surface conditions, weather) on a construction site. 17 
The overarching goal of the research presented in this paper is to explore ways to 18 
prevent unsafe acts of workers and reduce the likelihood of construction accidents 19 
occurring. The study specifically aims to (1) understand the relationships between 20 
human behavior related and working condition related risk factors, (2) identify the 21 
significant behavior and condition factors and their impacts on accident types (e.g. 22 
struck by/against, caught in/between, falling, shock, inhalation/ingestion/absorption, 23 
respiratory failure) and injury severity (e.g. fatality, hospitalized, non-hospitalized), 24 
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and (3) analyze the fundamental accident-injury relationship on how each accident 25 
type contributes to the injury severity. The study reviewed 9,358 accidents which 26 
occurred in the U.S. construction industry between 2002 and 2011. The large number 27 
of accident samples supported reliable statistical analyses. The analysis identified a 28 
total of 17 significant correlations between behavior and condition factors and 29 
distinguished key risk factors that highly impacted on the determination of accident 30 
types and injury severity. The research outcomes will assist safety managers to 31 
control specific unsafe acts of workers by eliminating the associated unsafe working 32 
conditions and vice versa. They also can prioritize risk factors and pay more attention 33 
to controlling them in order to achieve a safer working environment. 34 
 35 
Keywords: Construction safety, Degree of injury, Unsafe working conditions, 36 
Unsafe worker behavior 37 
 38 
1. Introduction 39 
According to the Center for Construction Research and Training (2008), the 40 
U.S. construction industry employed almost 8% (11.2 million) of the total labor 41 
workforce in 2005. Preliminary numbers indicated that there were a total of 1,243 42 
fatalities during this time period; a number which accounted for 21% of the total 43 
number of fatal injuries across all industries. This equates to more than three workers 44 
dying every day on a construction site. The total direct and indirect cost of fatal 45 
injuries was estimated at nearly $5.2 billion annually (Center for Construction 46 
Research and Training, 2008). 47 
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Safety on a construction site is affected by a range of risk factors. Human 48 
error, such as misjudgment or inappropriate operation, has been identified as one of 49 
the major risk factors that occurs across construction projects when the causes of 50 
accidents are attributed to the failure of prompt action by a construction worker 51 
(Huang and Hinze, 2003; Hinze  et al., 2005; Garrett and Teizer, 2009). This human 52 
error is defined as an inappropriate human decision or as behavior that reduces either 53 
quality or safety (or both) during construction operations and thus deteriorates a 54 
project’s cost and schedule performance (Saurin et al., 2005; Teo et al., 2005; Aksorn 55 
and Hadikusumo, 2008). Heinrich (1936) indicated that unsafe acts of workers were 56 
the major root cause of 88% of the construction accidents when they were combined 57 
with unsafe working conditions on a construction site.  58 
The overarching goal of the research presented in this paper is to explore 59 
ways to prevent unsafe acts of workers and reduce the likelihood of construction 60 
accidents occurring. The study specifically aims to realize the following research 61 
objectives (Figure 1): 62 
1) Understand the relationships between human behavior related and 63 
working condition related risk factors since it is believed that a safer 64 
working environment can support safer decision making and behaviors of 65 
workers on construction sites and vice versa (Heinrich, 1936; Saurin et al., 66 
2005; Choudhry and Fang, 2008). For instance, an unstable working 67 
platform (an unsafe condition) can lead to inadequate operation at work 68 
(an unsafe act). Additionally, inadequate PPE use (an unsafe act) can lead 69 
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to higher exposure to a struck-by accident involving surrounding objects 70 
(an unsafe condition). 71 
2) Identify the significant behavior and condition factors and their impacts on 72 
accident types and injury severity. It is assumed that different levels of 73 
risk factors would impact differently on accident types and injury severity. 74 
For example, high quality site inspections (a safe act) may reduce the 75 
likelihood of fatalities (severity) while the elimination of chemical gas on 76 
a site (a safe condition) could reduce the chance of respiratory failure (an 77 
accident type).  78 
3) Analyze the fundamental accident-injury relationship on how each 79 
accident type contributes to injury severity either fatality, hospitalized or 80 
non-hospitalized. For instance, electrical shock (an accident type) may 81 
have a higher likelihood of resulting in a fatality (severity) than falls at the 82 
same level. 83 
 84 
< Insert Figure 1 here > 85 
 86 
Based on the grounds of the fundamental risk-accident-injury relationship 87 
supported by most accident causation studies (Heinrich, 1936; Heinrich, 1980; Hinze 88 
et al., 2005), this research further explains that unsafe worker behavior and unsafe 89 
working conditions are closely related to each other contributing to construction 90 
accidents, and empirically and statistically suggests that the risk of construction 91 
accidents could be reduced by identifying and separating unsafe worker behavior 92 
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from related unsafe working conditions. The study reviewed 9,358 accidents which 93 
occurred in the U.S. construction industry between 2002 and 2011. The large number 94 
of accident samples supported reliable statistical analyses. The research outcomes 95 
will assist safety managers to control specific unsafe acts of workers by eliminating 96 
the associated unsafe working conditions and vice versa. They also can prioritize risk 97 
factors and pay more attention to controlling them in order to achieve a safer working 98 
environment.  99 
This article is organized into five sections. After this introduction, Section 2 100 
discusses the literature review findings of the unsafe acts and conditions associated 101 
with construction accidents, while Section 3 describes the dataset and conceptual data 102 
analysis processes. Section 4 then discusses analysis results and Section 5 concludes 103 
the article with contributions regarding research outcomes and future improvement 104 
opportunities. 105 
 106 
2. Literature Review 107 
 Most accident causation studies explained that unsafe worker behavior 108 
becomes the major root cause of construction accidents when combined with unsafe 109 
working conditions (Heinrich, 1936; Heinrich, 1980; Hinze et al., 2005). However, 110 
there is currently a distinct lack of studies that explain specific relationships between 111 
working condition- and workers’ behavior-related factors contributing to construction 112 
accidents. This research finds such relationships through statistical analyses. This 113 
section reviews existing safety management studies to understand different human 114 
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and condition risk factors and group them into generalized risk categories that will be 115 
used for data analyses. 116 
 117 
2.1 Workers’ behavior-related factors contributing to accidents 118 
In order to prevent injuries there has been considerable research effort in 119 
exploring the contributing human factors in construction accidents. Choudhry and 120 
Fang (2008) investigated why construction workers engaged in unsafe behavior in the 121 
Hong Kong construction industry and identified various reasons for unsafe human 122 
behavior through a series of industry interviews. The determined factors included 123 
ignorance and lack of safety knowledge, failure to follow safety procedures and 124 
attitudes towards safety that included not wearing personal protective equipment 125 
(PPE), unsafe work conditions, a lack of skill or safety training, and workers’ failure 126 
to identify unsafe conditions during work. Saurin et al. (2005) classified such human 127 
errors into two basic types: failures due to cognitive factors such as limited human 128 
capacity, and violation/deviation from work methods accepted as being safe. Garrett 129 
and Teizer (2009) similarly investigated organizational and supervisory human 130 
factors and workers’ mental and physical conditions which eventually led to human 131 
errors on a job site, proposing a framework of human error awareness training and 132 
discussing the potential for site safety control. Saurin and Guimaraes (2008) analyzed 133 
the impact of workers’ perceptions on scaffolding safety and determined that 134 
inappropriate inspections, failures in safety planning and control, inadequate PPE use, 135 
and uncomfortable work posture all contributed to poor and stressful working 136 
conditions.  137 
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The importance of PPE and safety devices, proper site inspections, safety 138 
culture, safety training and supervision have also been emphasized by many 139 
researchers including Sawacha et al. (1999), Tam et al. (2004), Haslam et al. (2005), 140 
Aksorn and Hadikusumo (2008), Cheng et al. (2010), Ismail et al. (2012), and Leung 141 
et al. (2012). Mattila et al. (1994) and Teo et al. (2005) determined that the project 142 
manager’s role should be to increase the safety level on construction sites through the 143 
enhancement of safety management processes and personnel behavior. They 144 
identified a number of important process variables such as: the identification of 145 
unsafe practices, proper material handling, safety procedure review and 146 
implementation, good housekeeping, hazard identification, and proper equipment 147 
maintenance; and personnel variables including safe work behavior, safety culture 148 
and training, and safety inspection and supervision. 149 
 150 
2.2 Combination of workers’ behavior- and condition-related risk factors 151 
Many research studies have also investigated how the workers’ behavior- and 152 
working condition-related risk factors combine to contribute to construction 153 
accidents. Suraji et al. (2001) highlighted the complex interaction of factors in 154 
accident causation and proposed an empirical accident causation model. They 155 
identified different groups of proximal factors and event characteristics in accident 156 
causation, including (1) human-related risk factors such as construction management 157 
activities (e.g. level of supervision, construction method change, inadequate method 158 
statement, inadequate site investigation), inappropriate construction operation or 159 
control (e.g. improper construction procedures, inadequate equipment operation, 160 
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inadequate supervision of operative work), and inappropriate operative action (e.g. 161 
carelessness, improper use of PPE), and (2) condition-related risk factors such as 162 
inappropriate site conditions (e.g. unsuitable weather conditions, inadequate 163 
illumination or poor lighting) also supported by Liao and Perng (2008), inappropriate 164 
ground conditions which were also identified by Koningsveld et al. (2005), and an 165 
unacceptably noisy or crowded environment.  166 
Glazner et al. (2005) explored factors contributing to injuries which occurred 167 
during airport construction projects. They classified major risk factors including 168 
human factors (e.g. inappropriate acts, safety infractions, being in a hurry, 169 
inexperience and lack of skills) and condition factors (e.g. weather, terrain, poor 170 
lighting, walking surfaces). Chi et al. (2009) analyzed electrical fatalities in Taiwan’s 171 
construction industry and determined that improperly installed, defective, or damaged 172 
tools and equipment; poor work practices; careless worker contact with equipment or 173 
energized power lines; the improper use of PPE; and unsafe working conditions were 174 
the major causes of fatal electrical accidents. Hsiao and Simeonov (2001), Kines 175 
(2002), and Chi et al. (2005) investigated fatal occupational falls in construction 176 
projects and organized the factors into task-related and personal. Task-related factors 177 
represented material handling requirements, restricted support surfaces required for 178 
work performance and the complexity of tasks, while the personal factors discussed 179 
individual skill and perception differences, safety training and PPE. Other researchers 180 
have also investigated different types of construction operations and have identified 181 
their risk factors. Irizarry et al. (2005) reviewed 186 steel erection projects and 182 
determined that the use of PPE was highly correlated with work duration, work 183 
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elevation and the presence of decking below the work. Shapira and Lyachin (2009) 184 
and Tam and Fung (2011) analyzed work procedures and the requirements of tower 185 
crane operations and eventually decided obstacles such as materials, workers, or 186 
structures and the working conditions were the major factors affecting safety. 187 
 188 
2.3 Literature review summary 189 
As discussed, many research studies have investigated different construction 190 
operations and working conditions, identified human and condition risk factors in 191 
construction projects, and grouped them into different categories according to their 192 
analysis purposes. The research presented in this paper has integrated the categories 193 
determined by Hinze et al. (1998, 2005), Huang and Hinze (2003), and Mitropoulos 194 
et al. (2009) and grouped risk factors identified by the literature review into these 195 
categories since they clearly demonstrated the differences between condition-related 196 
and human-related factors and their classification suited well with the dataset of the 197 
9,358 accidents reviewed in this study.  198 
The working condition factors in this research explained task-related and 199 
working environment-related factors including: (1) action required to perform work 200 
tasks; (2) task assignment information either regularly or irregularly assigned; (3) 201 
surrounding objects or structure; (4) required tools or equipment; (5) exposure to gas, 202 
liquid, or solids; (6) working surface or layout conditions; (7) temperature, pressure 203 
or noise level; and (8) weather or illumination. The human behavior related factors in 204 
this study included worker competence-related and perception-related factors, more 205 
specifically: (1) judgment or perception, (2) PPE or safety devices, (3) operation 206 
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procedure, (4) inspection, (5) supervision or engineering control, and (6) safety 207 
training. Table 1 summarizes these categories and supportive studies for each 208 
category reviewed in the previous section. 209 
 210 
< Insert Table 1 here > 211 
 212 
3. Data Analysis 213 
3.1 Data description 214 
This study analyzed 9,358 accidents which occurred in the U.S. construction 215 
industry over the past 10 years, between 2002 and 2011. The accident information of 216 
the entire U.S. industry was obtained from the U.S. Occupational Safety and Health 217 
Administration (OSHA) and the construction-related accident information was 218 
screened by the occupation code, company information, and injury source provided 219 
by the OSHA. The occupation code was directly related to victim information.  The 220 
victims included construction inspectors, architects, surveyors, supervisors, masons, 221 
tile setters, carpet installers, carpenters, drywall installers, electricians, painters, 222 
plasterers, plumbers, concrete finishers, glaziers, insulation workers, roofers, duct 223 
installers, structural metal workers, earth drillers, construction trade workers, welders 224 
and cutters, crane and tower crane operators, heavy machinery operators, and other 225 
general construction workers. The injury source that is less related to the construction 226 
industry, such as a boat or an animal was excluded. The customized Microsoft Excel 227 
macro function assisted this filtering process. 228 
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The dataset comprises 3,124 fatalities (33.4%), 5,210 hospitalized injuries 229 
(55.7%) and 1,024 non-hospitalized injuries (10.9%). A fatality occurs when the 230 
worker who has been involved in an accident has died. A hospitalized injury means 231 
an injury that requires the injured worker to be admitted to a hospital for treatment. A 232 
non-hospitalized injury is an injury that can be treated without a stay in a hospital. 233 
The accidents included: 4,110 falls from an elevation or at the same level (43.9%); 234 
2,409 struck by or against (25.7%); 934 caught in or between (10.0%); 567 electrical 235 
shocks (6.1%); 247 inhalation, ingestion or absorption (2.6%); 179 cardiothoracic, 236 
vascular or respiratory failure (1.9%); and 912 ‘other’ (9.7%).  237 
The original accident and injury information of the OSHA data was re-238 
organized into previously-determined categories, eight working condition-related and 239 
six worker behavior-related. Each category included 2–5 sub-categories of 240 
observation as shown in Table 2. Each observation frequency was counted and its 241 
percentage of the total accidents was measured. The original dataset included several 242 
low-frequency observations but similar observations were grouped together for more 243 
reliable statistical analysis. The frequency belonging to each injury category—either 244 
fatality, hospitalized or non-hospitalized—was also measured and explained. Table 2 245 
summarizes the category information, observations and their injury distribution. 246 
 247 
< Insert Table 2 here > 248 
  249 
3.2 Data analysis 250 
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The data analysis was guided by the conceptual analysis structure previously 251 
illustrated in Figure 1. This hypothetical analysis structure explained the first 252 
relationship—a close correlation between working condition and behavior factors as 253 
discussed through the literature review. In this study, such correlation was explained 254 
through statistical analyses. The Chi-square analysis, developed by Karl Pearson 255 
(1900), was conducted through the use of SPSS statistical analysis software. The Chi-256 
square is calculated by comparing observed and expected frequencies. The expected 257 
frequencies are asserted by the null hypothesis that there is no relationship between 258 
two variables being examined. A p-value is then estimated by comparing the Chi-259 
square value to the pre-determined Chi-square distribution. The number of degrees of 260 
freedom, calculated by considering the given matrix size, determines how the Chi-261 
square statistic is distributed. Where expected frequencies were less than five, 262 
Fisher’s exact test (Fisher, 1954; Agresti, 1992) was implemented as an alternative. 263 
Fisher’s exact test uses the same null hypothesis: two variables are independent of 264 
each other. Let us suppose that two variables X (misjudgment of hazardous situation) 265 
and Y (injury severity) have m (yes or no) and n (fatality or non-fatality) observations 266 
respectively (this example was simplified for the explanation purpose). An m × n (2 × 267 
2) matrix can be formed, in which the entries ܽ௜௝  represent the frequency of 268 
observations; i increases by m and j increases by n. For instance, if the frequency of 269 
fatality by misjudgment (the first row and the first column in Table 3) is 5, then 270 
ܽଵଵ ൌ 5. 271 
 272 
< Insert Table 3 here > 273 
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 ܴ௜ and ܥ௝ represent the row and column sums, and ܰ is the total sum of ܴ௜ or 275 
the total sum of ܥ௝. In Table 3, ܴଵ ൌ 5 and ܴଶ ൌ 5. ܥଵ ൌ 6 and ܥଶ ൌ 4. ܰ is 10 that 276 
equals the sum of ܴ௜  and the sum of ܥ௝ . Fisher’s exact test then calculates the 277 
condition probability of the matrix with this information and defines it as Pcutoff (eq. 278 
1): 279 
 280 
௖ܲ௨௧௢௙௙ ൌ
ሺܴଵ! ܴଶ! … ܴ௠!ሻሺܥଵ! ܥଶ! … ܥ௡!ሻ
ܰ! ∏ ܽ௜௝!௜௝      ሺ݁ݍ. 1ሻ 
 281 
In this example, Pcutoff is 0.0238. The test then calculates the conditional 282 
probability of every possible matrix with the fixed ܴ௜ and ܥ௝ values based on the 283 
same equation. For instance, ܽଵଵ ൌ 1, ܽଵଶ ൌ 4, ܽଶଵ ൌ 5 and ܽଶଶ ൌ 0 is one possible 284 
matrix and the conditional probability of this matrix is 0.0238. For the matrix of 285 
ܽଵଵ ൌ 4, ܽଵଶ ൌ 1, ܽଶଵ ൌ 2 and ܽଶଶ ൌ 3 the conditional probability is 0.2381. This 286 
individual p-value is compared with Pcutoff  and the sum of p-values less than or equal 287 
to Pcutoff becomes the representative p-value of the test. In this example, the 288 
representative p-value is calculated as 0.0476. If this p-value is less than 0.05 (5%) or 289 
0.01 (1%) depending on the analysis purpose, the null hypothesis should be rejected, 290 
which means that there is a significant correlation between the two variables. If 5% is 291 
set as an acceptable significance level, the representative value of our example 292 
becomes less than 0.05 and thus there is a significant association between the 293 
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misjudgment of a hazardous situation and a fatality. As shown in Table 3, worker 294 
misjudgment caused most of the fatalities. 295 
Figure 1 also assumed that different risk factors would impact differently on 296 
accident types and injury severity (the second relationship). The third relationship 297 
determined that injury severity can be related to accident type. Most accident 298 
causation studies including Heinrich’s domino theory (1936) and Petersen’s 299 
accident/incident model (Heinrich, 1980) explained that accidents lead to injuries and 300 
that these accidents are caused when a worker commits unsafe acts and there are 301 
direct mechanical or physical hazards related to the work. This research first filtered 302 
out less significant risk factors that were not correlated to accident type and injury 303 
severity through the Chi-square analysis and Fisher’s exact test. The research then 304 
applied the above mentioned fundamental risk-accident-injury relationship and 305 
analyzed a likelihood of an accident that may be caused by the working condition and 306 
worker behavior risk pair (the first relationship) previously discussed. The frequency 307 
of the risk pair contributed to different injury severity was measured and each 308 
accident path was empirically and statistically analyzed. 309 
 310 
4. Results and Discussion 311 
4.1 Relationship analysis between working condition and worker behavior factors 312 
In this study, a p-value of 0.01 (1%) or less was chosen as an acceptable 313 
significance level for more reliable analysis considering the large number of sample 314 
sizes obtained from the accident data. Table 4 summarizes the analysis results. Each 315 
cell represents the p-value, the significance between two compared variables: one 316 
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from the working condition-related factor and the other from the human behavior-317 
related factor. The analysis statistically distinguished a total of 18 significant 318 
correlations between two risk factors; they are significant since unsafe acts of 319 
workers become the major root causes of construction accidents when they are 320 
combined with unsafe working conditions and thus the accidents could be altered by 321 
breaking the accident causation relationship between two risk factors (Heinrich, 322 
1936).  323 
The authors then investigated the accident frequency of each risk pair. If the 324 
significant relationship is found from the risk pair and one of the risk factors of the 325 
pair belongs to “N/A” or “Normal” data category (e.g., the combination between 326 
misjudgment of hazardous situation and normal working surface condition), it means 327 
that the factor (e.g., misjudgment) is not associated only with one specific behavior or 328 
condition, but related to the general behavior or condition (e.g., working surface 329 
condition). However, if the correlation is found between “N/A” or “Normal” data 330 
categories (e.g., the combination between no misjudgment and normal working 331 
surface condition), the pair might be a false combination. The frequency analysis 332 
supports to recognize such false combinations since less accident may occur by them. 333 
Among the identified 18 risk pairs, only the risk combination between the 334 
surrounding objects or structure and the PPE or safety devices resulted in zero 335 
accident. This might be because the correlation was found between the “N/A” 336 
category of the surrounding objects or structure (74%) and the “Normal” category of 337 
the PPE or safety devices (87%). Some risk pairs such as the combination of the 338 
weather or illumination and the operation procedure or the combination between the 339 
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weather or illumination and the supervision or control also resulted in a small number 340 
of accidents less than 10; however, such pairs were considered as significant because 341 
the originally small number of accidents were related to poor weather or illumination 342 
conditions (161) and at least some useful risk relationships were able to be identified.  343 
 344 
< Insert Table 4 here > 345 
 346 
The authors then investigated the identified correlations and provided 347 
examples of accident information obtained from the original accident reports with the 348 
corresponding categories. 349 
 350 
Judgment or perception of workers & Required working action: The action required 351 
to perform the given tasks impacts on the judgment or perception of workers during 352 
the work. Also, workers' misjudgment, distraction, or neuromuscular system or 353 
perception malfunction impacts on working actions. An accident example is “A 354 
carpenter for a residential construction contractor was using a saw to cross-cut 1 in. 355 
material when the saw's blade struck his left index finger, severely lacerating it. The 356 
employee later stated that he underestimated the hazards and was not sure if he 357 
placed his hand on or below the board being cut. (OSHA Inspection #125821108, 358 
2007)” In this example, the repeated sawing action had made the worker 359 
underestimate the hazard. 360 
Judgment or perception of workers & Task assignment information: Task assignment 361 
information either regularly or irregularly assigned impacts on the judgment or 362 
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perception of workers. Proper judgment or perception determines safety performance 363 
of given tasks. An accident example is “A blade operator was taking a material ticket 364 
from a dump truck operator who was slowly driving by. The blade operator did not 365 
understand working conditions, slipped and fell head first, and his head and upper 366 
torso were run over by the tractor's drive wheels. (OSHA Inspection #307461400, 367 
2006)” In this example, the worker did not fully understand the working conditions 368 
of the irregularly assigned task.  369 
PPE and safety devices & Required working action: The action required to perform 370 
the given tasks determines required PPE or safety devices to protect workers from 371 
accidents. An appropriate use of PPE or safety devices is important to perform the 372 
work safely. An accident example is “A press welder was using a stationary electric 373 
press-welder to weld flat metal grids. When his left index finger was under the ram, 374 
he inadvertently pressed the foot pedal, causing the ram to slide down onto the finger. 375 
There was no point of operation guard or other safety device on the press and the 376 
employee was not using a hand extension tool to hold the metal grid when accident 377 
occurred. (OSHA Inspection #301330403, 2003)” In this example, the working 378 
action required the worker to be equipped with appropriate PPE or safety devices but 379 
he was not. 380 
PPE and safety devices & Required tools or equipment: The type of required tools or 381 
equipment determines required PPE or safety devices to protect workers from 382 
accidents. An appropriate use of PPE or safety devices will protect workers during 383 
tool or equipment operation. An accident example is “A carpenter was working to 384 
jack up an interior wood frame wall on the ground floor. He set a 10 penny nail with 385 
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a hand-held framing hammer and then placed a firm blow upon the nail. Upon 386 
impact, the nail ricocheted back out of the wood and entered just above his left eye 387 
and caused damage to the left eye. The employee was not wearing safety glasses at 388 
the time of the accident. (OSHA Inspection #310094230, 2008)” In this example, the 389 
use of the tool required the worker to be equipped with appropriate PPE or safety 390 
devices but he was not. 391 
PPE and safety devices & Working surface or layout conditions: The working surface 392 
or layout conditions determine required PPE or safety devices to protect workers 393 
from accidents. An appropriate use of PPE or safety devices will protect workers 394 
during working surface failure or from the accidents which can occur due to poor 395 
surface or layout conditions. An accident example is “An employee was on a 396 
carpenters' bracket scaffold without any means of fall protection. One of the brackets 397 
gave way. The employee fell to the stone patio 16 ft below and died as a result of his 398 
injuries. (OSHA Inspection #304382369, 2002)” In this example, the poor working 399 
surface condition required the worker to be equipped with appropriate PPE or safety 400 
devices but he was not. 401 
Operation & Required tools or equipment: The type of required tools or equipment 402 
determines operation procedure, working positions, or material handling processes. 403 
An appropriate operation is necessary for safety. An accident example is “Two 404 
employees were working from an elevated work platform to install a nailer board 405 
around a window opening. The work platform was positioned on a forklift, which was 406 
initially positioned at an incline to raise the two employees. Once at the necessary 407 
height the operator attempted to level the forklift, but had difficulties. The forklift 408 
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overturned and they rode the platform to the ground. (OSHA Inspection #306126996, 409 
2003)” In this example, the inappropriate forklift operation contributed to the 410 
accident.  411 
Operation & Temperature, pressure or noise level: The working condition with 412 
different temperature, pressure or noise determines different operation procedure, 413 
working positions, or material handling processes. An appropriate operation is 414 
important for safety. An accident example is “A contractor was removing the lockout 415 
on a valve on one of the main steam lines feeding the cook area. The steam piping for 416 
the cook area comes directly from the boiler. After removing the lock and turning the 417 
valve open three turns, the valve began to shake and then exploded. The explosion 418 
threw the employee back, but he began swinging in his harness directly into the steam 419 
emitting from the steam line. (OSHA Inspection #300816303, 2003)” In this example, 420 
the poor pressure condition was linked with inappropriate operations contributing to 421 
the accident.  422 
Operation & Weather or illumination: The working condition with different weather 423 
or illumination conditions determines different operation procedure, working 424 
positions, or material handling processes. An appropriate operation is necessary for 425 
safety. An accident example is “Two workers were removing the old roof and 426 
replacing some of the structural wood framing. The workers noticed that the weather 427 
was changing, and it looked like rain. They then began to hurry up to get the roof on. 428 
One of the workers was on the ladder approximately 15 ft above the ground installing 429 
screws, when the ladder slipped on a piece of sheet metal roofing, causing the bottom 430 
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of the ladder to slip. (OSHA Inspection #313738635, 2009)” In this example, the 431 
weather change led to inappropriate operations. 432 
Inspection & Required tools or equipment: Proper inspection should be performed for 433 
required tools or equipment. It can prevent defective equipment from being used. The 434 
inspection also can maintain appropriate on-site lock-out/tag-out or warning 435 
processes. An accident example is “An employee was manually spreading river rock 436 
on the ground at a jobsite. A coworker was operating a front-end loader, when he 437 
lost control of the vehicle due to the equipment defect and ran over the employee, 438 
killing him as a result. (OSHA Inspection #309123586, 2005)” In this example, the 439 
defective front-end loader contributed to the accident. 440 
Inspection & Working surface or layout conditions: Proper inspection should be 441 
performed to check working surface or layout conditions. Different types of working 442 
platforms require different inspection procedures. An accident example is “An 443 
employee was using a scaffold to install the fascia board siding to an apartment. The 444 
cross-member of the scaffold cracked and broke apart, and he fell to the ground. 445 
(OSHA Inspection #310095625, 2009)” In this example, the defective working 446 
platform contributed to the accident. 447 
Inspection & Temperature, pressure or noise level: Proper inspection should be 448 
performed for working conditions with different temperature, pressure or noise. An 449 
accident example is “An employee was connecting a pipe from a large tank of yogurt 450 
to a main supply line so that it could be transferred to other tanks. The process 451 
involves removing a cap and making the connection. He assumed a valve was closed 452 
without inspection when he removed the cap. The valve had not been closed and milk 453 
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at a temperature of approximately 180 degrees Fahrenheit gushed out and burned 454 
him. (OSHA Inspection #308682962, 2006)” In this example, the high temperature 455 
was linked with poor inspection performance contributing to the accident. 456 
Supervision or control & Required working action: The action required to perform 457 
the given tasks determines required supervision or engineering control procedure. 458 
Proper supervision or control determines safety performance of given tasks. An 459 
accident example is “An employee was correcting a deficiency listed by an electrical 460 
inspector in a private residence. He was working in an attic under the supervision of 461 
his brother to cover an open junction box. The wire nuts were missing, leaving 462 
exposed bare conductors. As the employee grabbed the junction box, he was 463 
electrocuted. (OSHA Inspection #309539880, 2006)” In this example, the working 464 
action required proper supervision but lack of supervision contributed to the accident. 465 
Supervision or control & Required tools or equipment: The required tools or 466 
equipment determines required supervision or engineering control procedure. Proper 467 
supervision or control enhances safety during the tool or equipment operation. An 468 
accident example is “An employee was working near where concrete was being 469 
poured into a form. He was electrocuted when the concrete pump truck contacted an 470 
overhead powerline. No supervision was provided for the truck operator. (OSHA 471 
Inspection #304506785, 2002)” In this example, the use of the concrete pump truck 472 
required proper supervision but lack of supervision contributed to the accident. 473 
Supervision or control & Exposure to gas, liquid, or solid: The presence of gas, liquid 474 
or solid hazards requires proper supervision or engineering control procedure. Proper 475 
supervision or control prevents workers from the exposure to such hazards. An 476 
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accident example is “Two employees were operating a chain saw inside a newly 477 
constructed building. It was being powered by the gas-powered generator. After 478 
about two hours of exposure to the machine's exhaust fumes, without any controlling 479 
guidance by a supervisor, both employees lost consciousness and collapsed. (OSHA 480 
Inspection #308379213, 2005)” In this example, the gas operation required proper air 481 
quality monitoring but lack of supervision contributed to the accident. 482 
Supervision or control & Working surface or layout conditions: The working surface 483 
or layout conditions determine required supervision or engineering control procedure. 484 
Proper supervision or control will protect workers in the event of working surface 485 
failure or from the accidents which can occur due to poor surface or layout 486 
conditions. An accident example is “An employee was fatally injured when he fell 487 
approximately 26 feet from the roof. At the time of the accident, the employee was 488 
installing roofing membrane next to the skylight and it is unknown if the employee 489 
tripped and fell on the skylight or accidently stepped on the skylight while performing 490 
roofing work due to the lack of supervision provided. (OSHA Inspection #314965195, 491 
2010)” In this example, the roofing operation required proper supervision of working 492 
conditions but lack of supervision contributed to the accident. 493 
Supervision or control & Weather or illumination: Difference weather or illumination 494 
conditions require different supervision or engineering control procedure. Proper 495 
supervision or control is important particularly during poor weather or illumination 496 
conditions. An accident example is “An employee was working on an elevator shaft. 497 
The hoist way door interlock was not working, so the worker was able to open the 498 
doors while the elevator car was not there. Also, there was inadequate illumination in 499 
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the area and no lighting in the elevator. No supervision was provided. So he couldn't 500 
see that the car wasn't there. He fell approximately 12 feet down the elevator shaft. 501 
(OSHA Inspection #307569079, 2004)” In this example, the inadequate illumination 502 
was linked with the poor supervision contributing to the accident. 503 
Safety training & Temperature, pressure or noise level: The working conditions with 504 
different temperature, pressure or noise require different level of safety skills that can 505 
be achieved by safety training. An accident example is “Two employees were cutting 506 
a mild steel I-beam billet with a large acetylene torch when the billet exploded. One 507 
of them was struck in the head and ribs; the other was struck in the jaw. At the time of 508 
the incident, both employees were receiving training by a coworker, who was not 509 
injured. The billet exploded due to the high temperature gradient induced. (OSHA 510 
Inspection #308285063, 2004)” In this example, the high temperature condition 511 
required high level of safety skills but which the workers did not have. 512 
 513 
 As shown in Table 4, workers’ behavior factors related to PPE or safety 514 
devices (WB_PPE), operation (WB_Oper), inspection (WB_Inspec), and supervision 515 
or control (WB_Super) were highly interrelated with three or more working 516 
condition-related factors. These findings show that human factors specifically 517 
associated with construction operations and working environment can explain or be 518 
linked to the related condition factors such as the required tools or equipment, the 519 
working surface or layout conditions, and weather or temperature. For instance, a 520 
lack of supervision or inappropriate PPE use may result in a higher chance of being 521 
hit by surrounding moving or falling objects. Poor working surface conditions in 522 
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scaffolding operations may require a higher level of safety device installation. 523 
However, judgment or perception (WB_JudgPercep) and safety training 524 
(WB_Training) showed a less significant connection with condition factors since they 525 
could be the elements affecting other behavior factors more so than condition factors 526 
causing decision or behavior changes. Table 5 shows the correlations between 527 
different worker behavior factors and supports this discussion. All were significant 528 
except one relationship between safety training and supervision; however, its p-value 529 
of 0.015 could be regarded as significant as well if a 0.05 (5%) acceptable level is 530 
applied. 531 
 532 
< Insert Table 5 here > 533 
 534 
4.2 Impact of working conditions and workers’ behaviors on accident type and 535 
injury severity 536 
The authors then analyzed the impact of different working condition and 537 
workers’ behaviors on accident type and injury severity. As shown in Table 6, most 538 
of the risk factors were correlated to accident type and injury severity. These values 539 
were used to filter out less significant risk factors that were not correlated to accident 540 
type and injury severity. Required working action, surrounding objects or structure, 541 
required tools or equipment, PPE or safety devices, operation and inspection were 542 
strongly related to both accident type and injury severity. These factors have 543 
operation-specific characteristics (e.g. roofing work and electrical work have 544 
different working actions, working conditions, required tools and equipment, required 545 
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PPE and inspection processes) and thus can be closely related to accident type and 546 
injury severity. For instance, roofing work may involve more falls from height 547 
accidents and electrical work could be related to more electrical shocks. Electrical 548 
work may have a higher likelihood of fatality than falls from the same height 549 
accidents due to high voltage leading to death. Second, the working conditions 550 
underlying working environments, including exposure to gas/liquid/solid, 551 
temperature/pressure/noise level and weather or illumination, were strongly linked 552 
with the accident type because these factors could be more closely associated with 553 
human health-related accidents, such as inhalation, ingestion or absorption problems; 554 
respiratory failure; and burning. Human judgment or perception was also identified as 555 
being a key risk factor contributing to the different accident types, perhaps due to its 556 
characteristic determining the working behavior and procedure. However, statistical 557 
analysis failed to show its relationship with injury severity. Conversely, the task 558 
assignment information was the only factor that impacted on injury severity and not 559 
on accident type. Employees working on tasks irregularly assigned tended to have a 560 
higher likelihood of having more severe injuries than workers doing regular tasks 561 
(provided those workers did not underestimate the hazards in the surrounding 562 
working environment).  563 
 564 
< Insert Table 6 here > 565 
 566 
 By using this statistical analysis result, the authors selected eight key risk 567 
pairs correlated to the accident type (Table 7(a)) and four risk pairs significant to 568 
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injury severity (Table 7(b)) among the previously-identified 17 key risk combinations 569 
of working condition-related and worker behavior-related factors. As shown in Table 570 
7, the authors also analyzed a likelihood of an accident that may be caused by the 571 
identified key factors. The required working actions to perform work tasks was 572 
associated with 432 accidents when they were associated with misjudgment or 573 
perception malfunction; in other words, 4.6% of the total 9,358 accidents might be 574 
addressed by reducing misjudgment or perception mistakes through enhanced 575 
decision supports or reinforced safety training and work commitment. Specifically, 576 
251 caught in/ or between accidents and 146 struck by/ or against accidents were 577 
highly related to this machinery-related risk pair. Inappropriate operation procedure 578 
during the tool or equipment operation resulted in 431 accidents accounting for 579 
another 4.6% of the total accidents. However, this risk pair was related to more 580 
falling from an elevation/ or at the same level (249) and struck by/ or against (125) 581 
accidents than caught in/ or between (27) accidents. This might be because this risk 582 
pair highly involved heavy equipment-related or material handling operation, one of 583 
the significant risk factors that led to struck-by actions between the equipment and 584 
the workers or working platforms and resulted in loss of balance of workers. The risk 585 
pair of the weather or illumination and the operation procedure seemed to result in a 586 
small number of accidents; however, it seems to be reasonable when considering the 587 
originally small number of accidents that were linked with poor weather or 588 
illumination conditions (161).  589 
 590 
< Insert Table 7 here > 591 
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 592 
Similarly, Table 7(b) explains that how each key risk combination impacts on 593 
injury occurrence. The total number of key pairs was reduced since the judgment or 594 
perception, the temperature/pressure/noise level, and the weather/illumination 595 
condition were not correlated to the injury severity. As shown in the table, the risk 596 
combination with the required working action was less sensitive to fatality; the risk 597 
combination related to the required tools or equipment had a higher chance of being a 598 
fatality and a lower likelihood of a non-hospitalized injury. Thus, if an accident is 599 
unavoidable, the second type of risk combinations may have a higher priority to be 600 
managed first to reduce a likelihood of a more serious injury. 601 
 However, it is important to understand that the less-correlated risk factors (the 602 
working surface or layout conditions, the supervision or control, and safety training) 603 
should not be disregarded. Although they may not have enough direct relationship on 604 
accident type and injury severity, they have a strong correlation with other risk 605 
factors and thus can indirectly impact on the determination of accident type and 606 
injury severity. 607 
 608 
4.3 Relationship analysis between accident type and injury severity 609 
Lastly, the correlation between accident type and injury severity was 610 
significant with the less than 1% p value. As previously discussed in Table 2, 611 
electrical shock and cardiothoracic, vascular or respiratory failure were related to 612 
more fatalities than hospitalized injuries due to high voltage or severe respiratory 613 
problems leading to death. About 30% of fatality rates were identified as resulting 614 
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from falling, struck by/against, caught in/between, and 615 
inhalation/ingestion/absorption accidents and their likelihood of having hospitalized 616 
injuries was much higher than the likelihood of having non-hospitalized injuries.  617 
Table 8 summarizes the relationships among the identified key risk 618 
combinations, accident type, and injury severity. These statistical results will assist 619 
safety managers to better understand how different risk combinations differently 620 
impact on accident type and injury severity and which risk factors they need to 621 
control on a construction site in order to reduce a likelihood of fatality. By comparing 622 
Table 8 with Table 2, it was determined that 19.3% (63) of the fatal caught in/ or 623 
between accidents (326) can be addressed by controlling the first risk combination of 624 
the required working action and the judgment or perception. The risk factors were 625 
also responsible for 146 struck by/ or against accidents that would reduce 6% of the 626 
total 2,409 struck by/ or against accidents when controlled. Similarly, the risk pair of 627 
the required tools or equipment and the operation procedure resulted in 6% (249) of 628 
the falling accidents (4,110); 5% (58) of the fatal falling accidents (1,142) can be 629 
managed by addressing them. If safety managers want to reduce fatal caught in/ or 630 
between accidents, they can investigate risk combinations related to the required 631 
working action to perform the task. However, if they want to focus more on electrical 632 
shock accidents, such risk combinations may be less significant. Table 8 provides an 633 
example of the preliminary risk-accident-injury relationships through the frequency 634 
analysis. Such analysis technique can be extended to the remaining accident 635 
information for further risk identification and mitigation. With more sophisticated 636 
relationship information, safety managers may make a strategic safety management 637 
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plan to avoid a certain type of accident or at least reduce the likelihood of fatalities on 638 
construction sites. 639 
 640 
< Insert Table 8 here > 641 
 642 
5. Conclusions 643 
This paper presented the results of statistical analysis undertaken on 644 
information available on 9,358 accidents which occurred in the U.S. construction 645 
industry over the past 10 years. The study first analyzed the relationships between 646 
different human behavior-related and working condition-related risk factors 647 
associated with the accidents and then identified the significant behavior and 648 
condition factors and their impacts on accident types and injury severity. The 649 
empirical analysis with the original accident information supported the research 650 
findings. The large number of accident samples supported reliable statistical analyses. 651 
The analysis identified a total of 17 significant correlations between behavior and 652 
condition factors and distinguished key risk factors that highly impacted on the 653 
determination of accident types and injury severity. These research outcomes will 654 
assist safety managers to understand risk factors, how these factors could increase the 655 
likelihood of fatalities occurring on a construction site, and to make prompt safety 656 
decisions. Safety managers can control specific unsafe acts of workers by eliminating 657 
the associated unsafe working conditions and vice versa. They also can prioritize risk 658 
factors and pay more attention to controlling them in order to achieve a safer working 659 
environment.  660 
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Despite these advancements, there are still improvement opportunities and 661 
future research challenges to be addressed. This research included eight working 662 
condition and six human behavior factors according to the literature review findings. 663 
However, more specific categorization with a larger number of risk factors will allow 664 
the analysis of a larger number of possible accident scenarios. To achieve this, 665 
industry participation should be engaged in the research from the accident data 666 
collection phase. Well-organized data collection with the industry support will also 667 
provide more reliable data for the analysis. Second, this paper has only discussed the 668 
relationship between working conditions and worker behaviors. Since safety 669 
management is a more integrated process throughout the construction lifecycle, these 670 
factors need to be connected with other organizational factors such as safety culture 671 
and safety planning to investigate how they are interrelated to each other from a 672 
broader point of view; more realistic mitigation solutions can then be suggested. 673 
Lastly, regression analysis and data mining techniques can be applied on top of the 674 
research findings for accident type and injury severity classification that investigates 675 
a chain of events from the series of risk factors to the accident and injury.  676 
677 
Journal of Construction Engineering and Management 
 31
References 678 
Agresti, A. (1992). “A survey of exact inference for contingency tables.” Statistical 679 
Science, 7(1), 131-153. 680 
 681 
Aksorn, T., and Hadikusumo, B. H. W. (2008). “Critical success factors influencing 682 
safety program performance in Thai construction projects.” Safety Science, 46, 709-683 
727. 684 
 685 
Center for Construction Research and Training. (2008). The Construction Chart Book 686 
– The U.S. Construction Industry and Its Workers, Silver Spring, MD. 687 
 688 
Cheng, C. W., Leu, S. S., Lin, C. C., and Fan, C. (2010). “Characteristic analysis of 689 
occupational accidents at small construction enterprises.” Safety Science, 48, 698-707. 690 
 691 
Chi, C. F., Yang, C. C., and Chen, Z. L. (2009). “In-depth accident analysis of 692 
electrical fatalities in the construction industry.” International Journal of Industry 693 
Ergonomics, 39, 635-644. 694 
 695 
Chi, C. F., Chang, T. C., and Ting, H. I. (2005). “Accident patterns and prevention 696 
measures for  fatal occupational falls in the construction industry.” Applied 697 
Ergonomics, 36, 391-400. 698 
 699 
Journal of Construction Engineering and Management 
 32
Choudhry, R. M., and Fang, D. (2008). “Why operatives engage in unsafe work 700 
behavior: investigating factors on construction sites.” Safety Science, 46, 566-584. 701 
 702 
Fisher, R. A. (1954). Statistical Methods for Research Workers. Oliver and Boyd, 703 
Edinburgh, UK. 704 
 705 
Garrett, J. W., and Teizer, J. (2009). “Human factors analysis classification system 706 
relating to human error awareness taxonomy in construction safety.” Journal of 707 
Construction Engineering and Management, 135(8), 754-763. 708 
 709 
Glazner, J., Bondy, J., Lezotte, D. C., Lipscomb, H., and Guarini, K. (2005). “Factors 710 
contributing to construction injury at Denver international airport.” American Journal 711 
of Industrial Medicine, 47, 27-36. 712 
 713 
Haslam, R. A., Hide, S. A., Gibb, A. G. F., Gyi, D. E., Pavitt, T., Atkinson, S., and 714 
Duff, A. R. (2005). “Contributing factors in construction accidents.” Applied 715 
Ergonomics, 36, 401-415. 716 
 717 
Heinrich, H. W. (1936). Industrial Accident Prevention. McGraw-Hill, NY.  718 
 719 
Heinrich, H. W., Petersen, D., and Roos, N. (1980). Industrial Accident Prevention. 720 
McGraw-Hill, NY, 5th edition. 721 
 722 
Journal of Construction Engineering and Management 
 33
Hinze, J., Huang, X., and Terry, L. (2005). “The nature of struck-by accidents.” 723 
Journal of Construction Engineering and Management, 131(2), 262-268. 724 
 725 
Hinze, J., Pedersen, C., and Fredley, J. (1998). “Identifying root causes of 726 
construction injuries.” Journal of Construction Engineering and Management, 124(1), 727 
67-71. 728 
 729 
Hsiao, H., and Simeonov, P. (2001). “Preventing falls from roofs: a critical review.” 730 
Ergonomics, 44, 537-561. 731 
 732 
Huang, X., and Hinze, J. (2003). “Analysis of construction worker fall accidents.” 733 
Journal of Construction Engineering and Management, 129(3), 262-271. 734 
 735 
Irizarry, J., Simonsen, K. L., and Abraham, D. M. (2005). “Effect of safety and 736 
environmental variables on task durations in steel erection.” Journal of Construction 737 
Engineering and Management, 131(12), 1310-1319. 738 
 739 
Ismail, Z., Doostdar, S., and Harun, Z. (2012). “Factors influencing the 740 
implementation of a safety management system for construction sites.” Safety 741 
Science, 50, 418-423. 742 
 743 
Kines, P. (2002). “Construction workers’ falls through roofs: fatal versus serious 744 
injuries.” Journal of Safety Research, 33, 195-208. 745 
Journal of Construction Engineering and Management 
 34
 746 
Koningsveld, E., Grinten, M., Molen, H., and Krause, F. (2005). “A system to test the 747 
ground surface conditions of construction sites – for safe and efficient work without 748 
physical strain.” Applied Ergonomics, 36, 441-448. 749 
 750 
Leung, M., Chan, I. Y. S., and Yu, J. (2012). “Preventing construction worker injury 751 
incidents through the management of personal stress and organizational stressors.” 752 
Accident Analysis and Prevention, 48, 156-166. 753 
 754 
Liao, C. W., and Perng, Y. H. (2008). “Data mining for occupational injuries in the 755 
Taiwan construction industry.” Safety Science, 46, 1091-1102. 756 
 757 
Mattila, M., Hyttinen, M., and Rantanen, E. (1994). “Effective supervisory behavior 758 
and safety at the building site.” International Journal of Industrial Ergonomics, 13, 759 
85-93. 760 
 761 
Mitropoulos, P., Cupido, G., and Namboodiri, M. (2009). “Cognitive approach to 762 
construction safety: task demand-capability model.” Journal of Construction 763 
Engineering and Management, 135(9), 881-889. 764 
 765 
Pearson, K. (1900). “On the criterion that a given system of deviations from the 766 
probable in the case of a correlated system of variables is such that it can be 767 
Journal of Construction Engineering and Management 
 35
reasonably supposed to have arisen from random sampling.” Philosophical Magazine, 768 
Series 5, 50(302), 157-175. 769 
 770 
Saurin, T. A., and Guimaraes, L. B. M. (2008). “Ergonomic assessment of suspended 771 
scaffolds.” International Journal of Industrial Ergonomics, 38, 238-246. 772 
 773 
Sawacha, E., Naoum, S., and Fong, D. (1999). “Factors affecting safety performance 774 
on construction sites.” International Journal of Project Management, 17(5), 309-315. 775 
 776 
Saurin, T. A., Formoso, C. T., and Cambraia, F. B. (2005). “Analysis of a safety 777 
planning and control model from the human error perspective.” Engineering, 778 
Construction and Architectural Management, 12(3), 283-298. 779 
 780 
Shapira, A., and Lyachin, B. (2009). “Identification and analysis of factors affecting 781 
safety on construction sites with tower cranes.” Journal of Construction Engineering 782 
and Management, 135(1), 24-33. 783 
 784 
Suraji, A., Duff, A. R., and Peckitt, S. J. (2001). “Development of causal model of 785 
construction accident causation.” Journal of Construction Engineering and 786 
Management, 127(4), 337-344. 787 
 788 
Tam, C. M., Zeng, S. X., and Deng, Z. M. (2004). “Identifying elements of poor 789 
construction safety management in China.” Safety Science, 42, 569-586. 790 
Journal of Construction Engineering and Management 
 36
 791 
Tam, V. W. Y., and Fung, I. W. H. (2011). “Tower crane safety in the construction 792 
industry: a Hong Kong study.” Safety Science, 49, 208-215. 793 
 794 
Teo, E. A. L., Ling, F. Y. Y., and Chong, A. F. W. (2005). “Framework for project 795 
managers to manage construction safety.” International Journal of Project 796 
Management, 23, 329-341. 797 
 798 
 799 
 800 
Journal of Construction Engineering and Management 
 37
Table 1 Literature review summary – categories of working conditions and worker behaviors used in this study 
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1 Required Working Action (WC_WorkAct) * * * * * *
2 Task Assignment Information (WC_TaskAssign) * * * *
3 Surrounding Objects or Structure (WC_ObjStruc) * * * * * * * * *
4 Required Tools or Equipment (WC_ToolEquip) * * * * * * * * * *
5 Exposure to Gas/Liquid/Solid (WC_Exposure) * * * * *
6 Working Surface or Layout Conditions (WC_SurLayout) * * * * * * * * * * * *
7 Temperature/Pressure/Noise Level (WC_TempPreNoise) * * * * * *
8 Weather/Illumination Condition (WC_Weather) * * * * * * * *
1 Judgment or Perception (WB_JudgPercep) * * * * * * *
2 PPE or Safety Devices (WB_PPE) * * * * * * * * * * * * * * * *
3 Operation (WB_Oper) * * * * * * * * * * * * * *
4 Inspection (WB_Inspec) * * * * * * * * * * * * * * *
5 Supervision or Control (WB_Super) * * * * * * * * * * * *
6 Safety Training (WB_Training) * * * * * * * * * * * * * * * * *
Working 
Conditions
Worker 
Behaviors
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Table 2 Accident data categories, observations and their injury distribution 
 
  
Frequency Percent Fatality Hospitalized Non-
Hospitalized
4,110 43.9% 27.8% 64.0% 8.2%
2,409 25.7% 33.8% 52.8% 13.4%
934 10.0% 34.9% 49.0% 16.1%
567 6.1% 64.9% 28.4% 6.7%
247 2.6% 30.4% 47.8% 21.8%
179 1.9% 91.1% 8.4% 0.5%
912 9.7% 26.0% 60.7% 13.3%
Risk Factor Category Name Observation Frequency Percent Fatality Hospitalized Non-
Hospitalized
Pinch point action 260 2.8% 21.5% 52.0% 26.5%
Catch point/Puncture action 216 2.3% 11.1% 66.7% 22.2%
Shear point action 222 2.4% 3.6% 75.2% 21.2%
Squeeze point action 309 3.3% 40.5% 48.2% 11.3%
N/A 8,351 89.2% 34.9% 55.3% 9.8%
Regularly assigned task 8,356 89.3% 32.5% 56.3% 11.2%
Task other than regularly assigned 1,002 10.7% 40.6% 50.3% 9.1%
Flying object action 388 4.1% 16.5% 67.5% 16.0%
Overhead moving or falling object action 954 10.2% 34.9% 53.2% 11.9%
Surrounding buildings/structures 1,104 11.8% 34.4% 55.6% 10.0%
N/A 6,912 73.9% 34.0% 55.4% 10.6%
Hand tools 543 5.8% 10.0% 78.8% 11.2%
Vehicles/material handling equipment/heavy 
equipment
1,034 11.0% 56.1% 37.3% 6.6%
Ladders 702 7.5% 22.9% 69.4% 7.7%
Hoisting apparatus 299 3.2% 28.7% 54.3% 17.0%
Construction machine 437 4.7% 26.2% 56.6% 17.2%
N/A 6,343 67.8% 33.0% 55.8% 11.2%
Gas/chemical/flammable 459 4.9% 26.8% 57.7% 15.5%
Dust/particles/mist 288 3.1% 53.5% 39.6% 6.9%
Water/petrol 60 0.6% 53.6% 39.3% 7.1%
N/A 8,551 91.4% 33.4% 55.8% 10.8%
Poor working surface 1,284 13.7% 29.7% 60.7% 9.6%
Inappropriate site layout 1,159 12.4% 33.5% 58.4% 8.1%
Normal condition 6,915 73.9% 34.0% 54.2% 11.8%
Poor condition 187 2.0% 32.1% 52.9% 15.0%
Normal condition 9,171 98.0% 33.4% 55.7% 10.9%
Poor condition 161 1.7% 41.6% 43.5% 14.9%
Normal condition 9,197 98.3% 33.2% 55.9% 10.9%
Misjudgment of hazardous situation or distracting 
action by others
3,008 32.1% 35.2% 53.6% 11.2%
Neuromuscular system or perception 
malfunction
204 2.2% 22.1% 67.6% 10.3%
N/A 6,146 65.7% 32.9% 56.3% 10.8%
Lack of equipped PPE 402 4.3% 45.3% 48.8% 5.9%
Lack of equipped safety devices 784 8.4% 29.6% 62.1% 8.3%
Normally equipped 8,172 87.3% 33.2% 55.4% 11.4%
Inappropriate equipment operation 517 5.5% 32.7% 56.3% 11.0%
Inappropriate operational procedure 593 6.3% 29.8% 60.6% 9.6%
Inappropriate material handling procedure 456 4.9% 30.5% 57.9% 11.6%
Normal operation 7,792 83.3% 33.9% 55.1% 11.0%
Defective equipment in use 73 0.8% 31.5% 56.2% 12.3%
Malfunction in lock-out or tag-out procedure 214 2.3% 36.0% 46.7% 17.3%
Malfunction in securing operation or warning 
procedure
554 5.9% 25.8% 60.1% 14.1%
Normal inspection 8,517 91.0% 33.8% 55.6% 10.6%
Lack of supervision or control 255 2.7% 41.2% 44.7% 14.1%
Normal supervision or control 8,804 94.1% 33.2% 56.0% 10.8%
Lack of safety training 207 2.2% 42.5% 46.4% 11.1%
Normal training 9,151 97.8% 33.2% 55.9% 10.9%
Worker 
Behaviors
WB_Inspec
Supervision or Control WB_Super
Safety Training WB_Training
Judgment or Perception WB_JudgPercep
PPE or Safety Devices WB_PPE
Operation WB_Oper
Inspection
WC_TemPreNoise
Type of Injuries
Falling from the elevation or at the same level
Struck by or against
Caught in or between
Electrical shock
Inhalation/Ingestion/Absorption
Cardiothoracic and vascular/Respiratory failure
Other
Weather/Illumination 
Condition
WC_Weather
Working 
Conditions
Required Working 
Action
WC_WorkAct
Task Assignment 
Information
WC_TaskAssign
Surrounding Objects or 
Structure
WC_ObjStruc
Required Tools or 
Equipment
WC_ToolEquip
Exposure to 
Gas/Liquid/Solid
WC_Exposure
Working Surface or 
Layout Conditions
WC_SurLayout
Temperature/Pressure/
Noise Level
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Table 3 Example statistics for Fisher’s exact test 
Misjudgment Fatality Non-fatality 
Yes 5 0 
No 1 4 
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Table 4 Correlation analysis between working condition and worker behavior factors 
 
  
 WC_WorkAct WC_TaskAssign WC_ObjStruc WC_ToolEquip WC_Exposure WC_SurLayout WC_TemPreNoise WC_Weather
WB_JudgPercep p  < 0.001 p  < 0.001 .054 .568 .429 .539 .461 .050
WB_PPE p  < 0.01 .724 p  < 0.01 p  < 0.001 .768 p  < 0.001 .015 .222
WB_Oper .990 .291 .117 p  < 0.001 .961 .166 p  < 0.01 p  < 0.01
WB_Inspec .270 .859 .039 p  < 0.001 .272 p  < 0.01 p  < 0.001 .520
WB_Super p  < 0.01 .335 .422 p  < 0.001 p  < 0.001 p  < 0.01 .160 p  < 0.001
WB_Training .114 .791 .141 .294 .015 .593 p  < 0.001 .813
*0.01 (1%) or less was chosen as an acceptable significance level for more reliable analysis.
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Table 5 Correlations between different worker behavior factors 
 
 WB_JudgPercep WB_PPE WB_Oper WB_Inspec WB_Super WB_Training
WB_JudgPercep
WB_PPE p  < 0.001
WB_Oper p  < 0.001 p  < 0.001
WB_Inspec p  < 0.001 p  < 0.001 p  < 0.001
WB_Super p  < 0.001 p  < 0.001 p  < 0.001 p  < 0.001
WB_Training p  < 0.001 p  < 0.001 p  < 0.001 p  < 0.001 .015
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Table 6 Correlation analysis between risk factors and accident types/injury severity 
 
 
  
 Accident Type Injury Severity
WC_WorkAct p  < 0.001 p  < 0.001
WC_TaskAssign .203 p  < 0.001
WC_ObjStruc p  < 0.001 p  < 0.001
WC_ToolEquip p  < 0.001 p  < 0.001
WC_Exposure p  < 0.001 .028
WC_SurLayout .881 .848
WC_TemPreNoise p  < 0.001 .240
WC_Weather p  < 0.01 .384
WB_JudgPercep p  < 0.001 .214
WB_PPE p  < 0.01 p  < 0.001
WB_Oper p  < 0.001 p  < 0.01
WB_Inspec p  < 0.001 p  < 0.01
WB_Super .709 .233
WB_Training .155 .038
Accident Type p  < 0.01
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Table 7 Key risk combinations and their impacts on an accident type and injury severity 
(a) Impacts on an acciden type 
 
(b) Impacts on injury severity 
 
  
Risk Factor - Working 
Condition
Risk Factor - Worker 
Behavior
Frequency of 
Accident
Likelihood of 
Accident (%)
Judgment or Perception 432 4.6%
PPE or Safety Devices 124 1.3%
PPE or Safety Devices 144 1.5%
Operation 431 4.6%
Inspection 104 1.1%
Operation 14 0.1%
Inspection 43 0.5%
Weather/Illumination Condition Operation 9 0.1%
Required Working Action
Required Tools or Equipment
Temperature/Pressure/Noise 
Level
Risk Factor - Working 
Condition
Risk Factor - Worker 
Behavior
Injury Type Frequency of 
Injury
Fatality 14
Hospitalized 90
Non-hospitalized 20
Fatality 60
Hospitalized 74
Non-hospitalized 10
Fatality 116
Hospitalized 273
Non-hospitalized 42
Fatality 42
Hospitalized 57
Non-hospitalized 5
Required Tools or Equipment
Required Working Action PPE or Safety Devices
PPE or Safety Devices
Operation
Inspection
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Table 8 Relationships among key risk combinations, accident type, and injury severity 
 
Risk Factor - 
Working Condition
Risk Factor - 
Worker Behavior
Accident Type Frequency of 
Accident
Fatality Hospotalized Non-
Hospitalized
Falling 11 1 8 2
Struck by or against 146 29 93 24
Caught in or between 251 63 125 63
Electrical shock 0 0 0 0
Inhalation 0 0 0 0
Respiratory failure 0 0 0 0
Others 24 2 16 6
Total 432 95 242 95
Falling 5 2 3 0
Struck by or against 46 4 37 5
Caught in or between 62 6 42 14
Electrical shock 0 0 0 0
Inhalation 0 0 0 0
Respiratory failure 0 0 0 0
Others 11 2 8 1
Total 124 14 90 20
Falling 63 22 41 0
Struck by or against 59 28 22 9
Caught in or between 11 7 4 0
Electrical shock 4 2 1 1
Inhalation 0 0 0 0
Respiratory failure 0 0 0 0
Others 7 1 6 0
Total 144 60 74 10
Falling 249 58 167 24
Struck by or against 125 43 70 12
Caught in or between 27 11 13 3
Electrical shock 9 2 6 1
Inhalation 1 0 0 1
Respiratory failure 1 1 0 0
Others 19 1 17 1
Total 431 116 273 42
Falling 49 11 37 1
Struck by or against 46 27 15 4
Caught in or between 6 3 3 0
Electrical shock 1 1 0 0
Inhalation 0 0 0 0
Respiratory failure 0 0 0 0
Others 2 0 2 0
Total 104 42 57 5
Falling 4 0 4 0
Struck by or against 6 4 2 0
Caught in or between 1 0 1 0
Electrical shock 1 1 0 0
Inhalation 0 0 0 0
Respiratory failure 0 0 0 0
Others 2 0 2 0
Total 14 5 9 0
Falling 1 1 0 0
Struck by or against 4 1 2 1
Caught in or between 0 0 0 0
Electrical shock 3 1 1 1
Inhalation 0 0 0 0
Respiratory failure 0 0 0 0
Others 35 1 18 16
Total 43 4 21 18
Falling 7 2 3 2
Struck by or against 0 0 0 0
Caught in or between 0 0 0 0
Electrical shock 2 2 0 0
Inhalation 0 0 0 0
Respiratory failure 0 0 0 0
Others 0 0 0 0
Total 9 4 3 2
OperationWeather/Illumination 
Condition
Temperature/Pressure/
Noise Level
Operation
Inspection
Inspection
Operation
PPE or Safety DevicesRequired Tools or 
Equipment
Required Working 
Action
Judgment or Perception 
PPE or Safety Devices
